The purpose of this study was to develop ELISAs for key neural proteins, three synaptic and one glial, that exist in diVerent intracellular compartments, which would be used as a measure of synaptic phenotype. These assays would be valuable to neurologically phenotype transgenic mouse models of human disease and also human disease itself using minimal amounts of post-mortem tissue. We showed that supernatant from crude brain tissue homogenates extracted in RIPA buVer containing 0.1% SDS bind to synaptophysin, synaptosome-associated protein of 25 kDa (SNAP-25), post-synaptic density-95 (PSD-95), and glial Wbrillary acidic protein (GFAP) antibody pairs with high aYnity and selectivity. Overall, RIPA + 0.1% SDS were more eYcient than RIPA + 2% SDS or a buVer containing only 1% Triton-X-100. Diluting the brain extracts resulted in dose-dependent binding to the antibody pairs for each neural protein, with EC50s that varied from 8.6 g protein for PSD-95 to 0.23 g for GFAP. The assays were used to measure synaptic marker protein levels at various times during mouse development and GFAP in a model of disease accompanied by neuroinXammation. Comparison of ELISAs with Western blots by measuring marker levels in brain extract from developing mice showed a greater relative diVerence in values derived from ELISA. These ELISAs should be valuable to phenotype the synapse in neurological disease and their rodent models.
Introduction
There has been a resurgence of interest in the abundance, structure and function of synapses and their relationship to neurological disorders. These disorders range from autism (PfeiVer and Huber 2007; Tabuchi et al. 2007) to Alzheimer's disease (AD) (Tanzi 2005) to traumatic brain injury Ansari et al. 2008) . Sometimes, changes in function may be reXected by adjustments in the concentration of synaptic protein(s) present, which could modify the manner in which these proteins interact with other proteins in the pre-synaptic bouton or at the post-synaptic density. However, more often with constitutively expressed synaptic proteins, changes in synaptic number due to, for example, a loss of neurons, is reXected in changes in presynaptic and post-synaptic protein concentrations measured in extracted tissue. Dynamic changes in the density of synapses occur during development (Glantz et al. 2007) , in age-related disease (Counts et al. 2006 ) and even in the mature adult (Knott et al. 2006) . These changes may be quantiWed by measuring levels of synaptic proteins, or morphological structures such as dendritic spines that reXect a subset of synapses (Tsai et al. 2004) . In AD, for example, convincing evidence supports the theory that synapses are lost as a prelude to overt neurodegeneration (Terry 2000) . With increasing number of mouse models of neurological disease, it would be important to know whether changes in the expression of particular genes can alter local or regional synaptic expression of these proteins that might reXect changes in neural networks. An accurately quantiWable, sensitive and precise method that can detect alterations in these synaptic proteins in a discreet brain region would be of great beneWt.
Synaptic number or density per region has been quantiWed using numerous methods, with each approach revealing particular advantages and disadvantages. A direct method is unbiased counting of the ultrastructure of synaptic densities in Wxed brain sections using electron microscopy. This method is quantitative and robust, but it is highly labor intensive and usually a limited number of brain regions are counted (DeKosky and ScheV 1990; ScheV et al. 2006 ScheV et al. , 2007 . Essentially all other methods used in the past have exploited the assumption that the quantitative expression of certain, constitutively expressed synaptic proteins is directly related to synaptic number. One method is immunohistochemical staining of synaptic boutons. Staining individual synaptic boutons with an antibody against a synaptic protein, such as anti-synaptophysin antibody, and counting individual puncta using light microscopy and unbiased, systematic stereological techniques is also quantitative, yet labor intensive and requires a great deal of conWdence in a consistent immunological staining method (Calhoun et al. 1996; Mokin and Keifer 2006) . A variation of this technique is to view immunohistologically stained brain sections at lower power magniWcation and estimate the overall intensity of synaptic marker protein staining using densitometry. Levels of numerous proteins have been measured with this technique to estimate synaptic abundance, with synaptophysin the most common (Calhoun et al. 1996) . However, the results are highly variable, especially from laboratory to laboratory, even when employing an identical animal model (King and Arendash 2002; Fonseca et al. 2004; Jacobsen et al. 2006; Dong et al. 2007 ). Biochemical methods have been developed to measure levels of these proteins, but the disadvantage is that a large region of tissue is usually required for an assay and sometimes the assays are only semi-quantitative. Several groups have estimated synaptic density with measures of synaptic proteins on Western blot or other immunoblotting technique (Counts et al. 2006; Smith et al. 2007 ). The advantage of Western blot is that multiple samples can be measured at once; however, densitometric analysis of these data (especially if using chemiluminescence with Wlm development) often do not quantitatively measure the true diVerence in protein amount between two samples due to technical issues . Lastly, ELISA is a frequently employed technique to quantitate synaptic protein levels. ELISA is highly quantitative (Schmidt et al. 1999) . It is precise and accurate, with rather small coeYcients of variation, but has the same limitation of Western blot in that it requires tissue extract for measurement and, therefore, synaptic changes cannot be localized to discreet brain subregions. However, if ELISAs are sensitive, small tissue punches may be suYcient tissue for assay . Because of the diVerence in solubility of various synaptic proteins and their location in diVerent cellular compartments, procedures for extraction often vary depending on the nature and localization of the protein.
Here, we have developed a panel of four ELISAs: one for the pre-synaptic vesicular protein, synaptophysin, the pre-synaptic SNARE (soluble N-ethylmaleimide-sensitive factor attachment protein receptor) protein, SNAP-25 (synaptosome-associated protein of 25 kDa), the post-synaptic scaVolding protein, PSD-95 (post-synaptic density protein of 95 kDa) and the astrocyte intermediate Wlament protein, glial Wbrillary acidic protein (GFAP). We have identiWed a single detergent-containing buVer system that will extract all four of these proteins from brain tissue and retain speciWc, antibody binding using small quantities of tissue. This panel of ELISAs may be particularly useful in phenotyping synaptic changes and astrocyte reactivity in various transgenic models of nervous system disease in addition to measuring synaptic changes and inXammation in post-mortem tissue of human nervous system disease.
Materials and methods

Animals
All animal procedures described here were approved by the Institutional Animal Use and Care Committee at the University of South Florida. Every eVort was made to limit the number of animals used in these experiments. Adult Sprague-Dawley rats and C57Bl/6 mice were obtained from Harlan Industries (Indianapolis, IN) and JAX Laboratories (Bar Harbor, ME), respectively. Animals were housed 2-3 per cage on a 12 h light/dark cycle and had free access to food and water. Neonates were obtained from C57Bl/6 timed-pregnant dams (Harlan Industries) and mother and litter were maintained under standard conditions, and tissue obtained at various ages after the animals were euthanatized with the excess CO 2 . Brain tissue regions were also dissected from 15 to 16-month-old Tg2576 mice (n = 6) and non-transgenic controls (n = 6) (Hsiao et al. 1996 ) from a colony maintained at the University of South Florida. These mice express, hamster prion protein promoter-driven, human amyloid precursor protein bearing the double K670N, M671L mutations, the so-called Swedish mutation.
Tissue processing
Rats and mice were euthanatized by exposure to excess CO 2 , the animals decapitated, the skull removed, and the brain carefully removed from the cranium. Rat forebrain extract was used as the standard curve in all synaptic marker ELISAs. Whole brain was removed from a 3-month-old rat, and was extracted fresh. The brain was homogenized using a Wheaton Potter-Elvehjem glass tissue grinder with a TeXon pestle (Thermo Fisher, Waltham, MA) in ten volumes of RIPA buVer (25 mM Tris-HCl, 150 mM NaCl, 2 mM EDTA, 1% Triton-X-100, 1% sodium deoxycholate, 0.1% SDS, pH 7.4; all obtained from Sigma Chemical Co., St. Louis, MO, containing protease inhibitor set cocktail III, EMD Biosciences, Gibbstown, NJ). The extract was centrifuged at 40,000g for 30 min and the supernatant was recovered, diluted, aliquoted and frozen at ¡80°C. The protein concentration of the extract used for the standard was 4.6 g/ l. Total protein in the standard and sample was measured with a bicinchoninic acid (BCA) procedure (Pierce, Thermo ScientiWc, Rockford, IL). Postnatal day 7 (P7) and P28 mice were euthanatized, frontal cortex was dissected and frozen at ¡80°C. This tissue was used to measure changes in synaptic protein expression over the period of early development in the mouse and for comparison of Western blot with ELISAs. In other experiments, eYciency of extraction was compared using rat or mouse brain that was extracted with 25 mM Tris-HCl, 150 mM NaCl containing 1% Triton-X-100, RIPA containing 0.1% SDS, or RIPA containing 2% SDS, all which contained protease inhibitor cocktail.
Antibodies
Sandwich ELISAs were developed and conducted for the following proteins: (1) pre-synaptic vesicular protein, synaptophysin, (2) the pre-synaptic membrane protein, SNAP-25, the post-synaptic scaVolding protein, PSD-95, and the astrocyte intermediate Wlament protein, GFAP. Each ELISA required a capture antibody and a "detection" antibody. For each ELISA, the capture antibodies were mouse monoclonals purchased from the following suppliers and used at the following dilutions for ELISA: (1) anti-synaptophysin, 1:250 (clone SY38, MAB368, Millipore, Temecula, CA), (2) anti-SNAP-25, 1:200 (clone SP14, MAB331, Millipore), (3) anti-PSD-95, 1:100 (clone 7E3-1B8, MAB1598, Millipore, or anti-PSD-95 from NeuroMab, clone K28/43, UC-Davis), (4) anti-GFAP, 1:250 (clone GA5, MAB360, Millipore). For each ELISA, the detection antibodies were various polyclonals purchased from the following suppliers and used at the following dilutions: (1) rabbit anti-synaptophysin, 1:2,000 (aYnity puriWed, A0010, Dako North America, Carpinteria, CA); (2) rabbit anti-SNAP-25, 1:1,000 (IgG fraction, S9684, Sigma, St. Louis, MO); (3) sheep anti-PSD-95, 1:100 (51-6700 Invitrogen, Carlsbad, CA, formerly Zymed, or rabbit anti-PSD-95, ab18258, 1:400, Abcam, Cambridge, MA); (4) rabbit anti-GFAP, 1:1,000 (IgG fraction, Z0334, Dako).
Sandwich enzyme-linked immunosorbent assays
The method for these ELISAs (with the exception of antibodies) was identical regardless of the antigen. Unless otherwise mentioned, chemicals were purchased from Sigma. Capture antibodies were diluted in 10 mM phosphate buVer pH 8.0 and 50 l was added to wells of a Costar hi-binding 96-well ELISA plate (3590, Lowell, MA). Importantly, the plate was tapped to ensure total coverage of the well. The plate was covered with paraWlm to form tight seals at each well and left at room temperature overnight. The next morning, the wells were washed (diluent added to the top of the well and all liquid removed from the well) three times with buVer B (10 mM phosphate buVered saline, pH 7.5, 0.05% Tween 20). The wells were blocked by adding 300 l of buVer B containing 5% dry milk (importantly, Saco Mix 'n Drink) and the plate shaken (on an orbital shaker) for 1 h. The plates were washed with buVer B one time before the addition of samples or standard. The standard curve was constructed from rat brain extract. Standards were added to wells in 100 l aliquots. The standard consisted of 1:1 dilutions of the extract in buVer B. 4.6 g protein, in 1 l RIPA buVer diluted to 100 l in buVer B was arbitrarily designated as "100 U". Thus, 2.3 g protein was equal to 50 U, 1.15 g protein, 25 U etc, and 9.2 g protein was 200 U, and 18.4 g protein was 400 U. Samples of rat or mouse brain were added in dilutions from 5 to 0.1 l per 100 l depending on the sensitivity of the standard and so that the sample absorbance values would fall near 50% binding (the linear range) in the standard curve. Samples and standards were pipetted in triplicate, or in some assays, in duplicate. The plate was covered with paraWlm and then shaken at room temperature for 2 h. The wells were washed three times with buVer B and detection antibody, diluted in buVer B containing 5% dry milk, was added. The antibody was shaken at room temperature for 2 h and the wells were then washed three times. Developing antibody (horse radish peroxidase conjugated) anti-rabbit IgG (1:1,000) or anti-sheep IgG (1:1,000) (Chemicon) was diluted in buVer B plus 5% dry milk and added as 100 l. The plates were shaken at room temperature for 45 min. Wells were washed three times with buVer B and 100 l of tetramethylbenzidine substrate was added, the plate shaken by hand until the zero substrate blank becomes the most faint, pale blue (usually from 2 to 3 min depending on the assay). To stop development, 50 l of 1 M H 2 SO 4 was added and absorbance measured immediately at 450 nm on a Victor spectrophotometric microplate reader (PerkinElmer, Waltham, MA) or a BioTek Synergy HT (Winooski, VT). The sigmoidal standard was evaluated with a non-linear four-parameter Wt using "Workout" software (or Gen 5 for the BioTek) and sample amounts were obtained using the Wtted standard curve.
Western blots for speciWcity and comparison with ELISA Mouse brain tissue extracts diluted with 2£ reducing Laemmli sample buVer were loaded onto pre-cast 4-20% gradient SDS-PAGE gels (Invitrogen gels, Invitrogen, Carlsbad, CA) and electrophoresed using standard conditions. Protein was electrophoretically transferred to a polyvinylidene diXuoride membrane (PVDF, Immobilon, Millipore, Billerica, MA) and the membranes probed with various antibodies. The primary antibodies described above were used at the following dilutions for Western blot:
(1) anti-synaptophysin, MAB368 1:3,000; rabbit anti-synaptophysin, 1:3,000, (2) anti-SNAP-25 MAB331 1:2,000, rabbit anti-SNAP-25 1:5,000, (3) anti-PSD-95 MAB1598 1:2,000, sheep anti-PSD-95, 1:1,000, (4) anti-GFAP MAB360 1:1,000, rabbit anti-GFAP 1:5,000. Blots were developed using horseradish peroxidase conjugated secondary antibodies (Millipore) at the following dilutions: goat anti-mouse IgG 1:3,000, goat anti-rabbit IgG 1:5,000 and rabbit anti-sheep IgG 1:1,000 (Invitrogen) and Supersignal chemiluminescent substrate (Pierce Chemical, Thermo ScientiWc, Rockford, IL). Blots were exposed to Wlm for various lengths of time and developed. Blocking and antibody incubation steps were conducted in buVer B containing 5% non-fat dry milk.
For quantitative comparison with ELISA, extracts from frontal cortex from P7 and P28 mice subjected to Western blot for synaptophysin, SNAP-25 and PSD-95 (10 g protein loaded) or GFAP (1 g protein loaded) and the chemiluminescent blots imaged on a Kodak Image Station 4000MM (Carestream Molecular Imaging) and mean integrated density determined with Kodak Molecular Imaging Software (version 5.0.1.27). For each blot, the density was normalized to the band density of the constitutively expressed gene, glyceraldehyde phosphate dehydrogenase.
Data analysis
DiVerences among sample means from the frontal cortex of diVerent ages of developing rats or from APPsw mice and their non-transgenic littermates were evaluated by analysis of variance and speciWc diVerences between individual pairs of means was determined using Bonferonni's test. A P < 0.05 was considered a signiWcant diVerence.
Results
To determine the speciWcity and appropriate immunoreactivity for the antibodies used in the sandwich ELISA, polyclonal-monoclonal pairs for each of the four synaptic proteins were subjected to Western blot. Each polyclonalmonoclonal pair recognized the appropriate molecular weight and selective antigen on Western blot; and the signal was less intense when total protein loaded was reduced (Fig. 1) . Identical molecular weight proteins were detected by the monoclonal and polyclonal antibody pairs. In the GFAP blot, signals from aggregates of the monomer were observed at high-molecular weights (Fig. 1) . Thus, it appears that the selectivity and sensitivity of these antibodies were suYcient for ELISA, although eYcient detection in Western blot does not necessarily mean the antibodies will recognize non-denatured protein (ie. protein not exposed to high concentrations of SDS).
Because each of these proteins is either an integral membrane protein or is part of a protein scaVold or the cytoskeleton, the conditions of extraction are crucial for maximizing the eYciency of recovery. Thus, we compared the maximum total binding (absorbance) for each antibody pair when whole rat brain tissue was extracted in buVer containing 1% Triton-X-100, RIPA buVer containing 0.1% SDS, or RIPA buVer containing 2% SDS. The goals for optimizing the conditions of extraction are a balance of eYciency of extraction and retention of binding to the capture and detection antibodies. The results from a representative experiment are shown in Fig. 2 . Rat brain extracted in 1% Triton-X-100 was as eYcient at extracting synaptophysin and SNAP-25 as compared to either RIPA buVer. This was somewhat surprising because these proteins are a vesicular or bouton transmembrane protein. On the other hand, either variation of RIPA buVer was superior to Triton-X-100 in extracting PSD-95, but especially GFAP (Fig. 2) . Surprisingly samples extracted with buVer containing 2% SDS maintained the ability to bind to all four antibody pairs. Nonetheless, because 0.1% SDS RIPA (standard RIPA buVer) was as eVective as 2% SDS RIPA, this was the buVer chosen for developing each assay further. Similar results were obtained when mouse brain extract was used as the standard, and absorbance was not diVerent from background when mouse hepatic or renal extracts were assayed up to 40 g per well (data not shown).
Thus, each antibody pair was examined for dose-dependent binding of antigen to the antibody pairs for the development of standard curves. These curves could then be used to extrapolate the amount of each synaptic antigen in an unknown sample. RIPA-extracted whole rat brain was aliquoted and used as the standard. A known amount of total protein standard (4.6 g) was arbitrarily designated as Blots were developed using horseradish peroxidase conjugated secondary antibodies with a chemiluminescent substrate. Blots were exposed to Wlm for various lengths of time and developed using standard techniques. Representative data are shown from an experiment that was repeated twice with similar results Fig. 2 EVect of extraction buVer on the magnitude of immunoreactivity for synaptophysin, SNAP-25, PSD-95 and GFAP in sandwich ELISA. Whole hemispheres of rat brain were extracted in the designated buVer and the indicated concentrations of total protein were subjected to ELISA. The average of duplicate samples is shown from a single experiment. This experiment was repeated twice with similar results 100 U, and equal, serial dilutions of this protein amount were considered 50, 25 U etc. Typical standard curves are shown in Fig. 3 , with summary proWles of non-linear, fourparameter Wts of replicates of these curves are found in Table 1 . Each curve varied with respect to slope and maximum binding in the curve, however, all assays were highly sensitive requiring 8.6 g protein (187.7 U) for half maximal binding in the PSD-95 curve and only 0.23 g (5 U) protein for the GFAP assay. All samples from a single experiment were measured for the individual neural proteins within a single assay. Intra-assay coeYcients of variation were somewhat larger than might be observed for a typical radioimmunoassay, but are more in line with typical ELISAs (Siew et al. 2004) . Each antibody pair recognized antigen in human brain tissue extracts as eVectively as rat and mouse extracts (data not shown).
These assays were employed to measure levels of the synaptic markers and GFAP levels in brain tissues from various mouse models. As shown in Fig. 4 , levels of synaptophysin, SNAP-25 and PSD-95 in frontal cortex from C57Bl/6 mice showed developmentally related increases from P7 to P28. The synaptophysin and SNAP-25 ELISAs were markedly more robust at detecting large diVerences between the P7 and P28 samples. Both the PSD-95 ELISA and Western blot showed a smaller 2-3-fold diVerence in levels between the two ages and there were no developmental diVerences in GFAP levels.
Finally, we measured GFAP levels in six brain regions dissected from 15-month-old APPsw (an age with distinct amyloid deposition) mice and their non-transgenic littermate controls. GFAP was signiWcantly elevated in frontal cortex, temporal lobe and hippocampus of APPsw mice as compared to control regions (P < 0.05; Fig. 5 ). No diVerences in GFAP levels were found in cerebellum, hypothalamus, and brainstem between APPsw and non-transgenic mice.
Discussion
The major advance made in this study was the identiWcation of RIPA buVer as suYcient for extraction of four neural proteins that exist in diVerent cellular compartments. Synaptophysin is a neuronal vesicular membrane protein that spans the membrane four times with both N-and C-termini in the cytoplasm (Sudhof et al. 1987) . SNAP-25 is a "SNARE" protein localized to the active site of the synapse and is essential for fusion of a vesicle to the membrane for secretion (Sorensen 2005) . PSD-95 is an abundant postsynaptic scaVolding protein vital for interfacing membrane proteins to the cytoskeleton and regulating glutaminergic receptor traYcking (Kim and Sheng 2004) . GFAP is an intermediate Wlament protein directly associated with the Fig. 3 Dose-dependent immunoreactivity of rat brain protein extract in sandwich ELISAs. Dilutions of rat brain protein extract were subjected to sandwich ELISA using the standard assay protocol and absorbance measured at 450 nm. The quantitative parameters for these curves are shown in growth of astrocyte cell bodies upon activation by injury or disease (Porchet et al. 2003) . The sensitivity of these ELISAs is high, since each protein can be measured with a RIPA-extracted sample containing between 8.6 and 0.2 g of total protein. Given this fact, all four proteins may be quantiWed from a single brain region or sub-region or even a micro tissue punch from brain. Because these antibodies cross-react with both human and rodent proteins, the assays provide a simple, yet, powerful means to phenotype a measure of synapses of human neurological disease and mouse models of human disease. ELISAs have been developed previously for each of these antigens, however, most were developed separately using soluble or detergent-containing extraction buVers (Schlaf et al. 1996; O'Callaghan et al. 1999; Honer et al. 2002; Nithianantharajah et al. 2004; Siew et al. 2004) . Data here indicates that RIPA buVer containing 0.1% SDS was equally as eVective as RIPA containing 2% SDS in extracting each of the four proteins, but both buVers were more eVective than buVer containing 1.0% Triton-X-100 in solubilizing GFAP. In addition, these ELISAs are eYcient in measuring both human and rodent proteins. Thus, extraction of rodent or human brain tissue in RIPA buVer containing 0.1% SDS results in an extract which can be used to measure all four proteins in ELISA. Measuring synaptic markers by ELISA has several advantages over other methods. It is signiWcantly more sensitive (Schlaf et al. 1996) and sometimes crude homogenates will contain proteins that quench the measurement of the protein of interest in other methods such as Western blot . Because of the sensitivity, small, sub-regional, tissue punch samples may be collected and used for measuring proteins in ELISA. Of course the major drawback, as with measuring any protein present at the synapse, is the assumption that the level of the protein reXects the abundance of functional synapses in that sample, yet technically, there is no measure of the abundance of functional synapses. In addition, it is not known whether protein levels reXect the number of densities counted ultrastructurally, but counting synapses reveals nothing about functionality either. Whether measurement of synaptic protein is related to the number of ultrastructural post-synaptic densities is not known, and in the end, may be less important Fig. 4 Relative levels of synaptophysin (a), SNAP-25 (b), PSD-95 (c) and GFAP (d) in frontal cortex extracts from P7 (n = 5) and P28 (n = 5) mouse pups and measured by ELISA and Western blot. ELISA units are on the left y axis and units for Western blot on the right y axis. Note that for synaptophysin and SNAP-25, the dynamic range measured by ELISA was greater than that measured by Western blot. The optical density of immunoreactive bands on Western blots was used as a measure of protein abundance. Blots were normalized using optical density of constitutively expressed GAPDH Fig. 5 GFAP immunoreactivity in frontal cortex (FC), hippocampus (HC), temporal lobe (TL), cerebellum (CB), hypothalamus (HT) and brain stem (BS) in 15-16-month-old non-transgenic (nt) (dark bars n = 6) or APPsw mice (light bars n = 6). All values are shown as the mean § SEM and expressed as units/ g protein as described in "Methods". *P · 0.05 compared with the value of the non-transgenic animal than identifying changes in the levels of these synaptic proteins as a biomarkers of disease or injury.
To demonstrate the eVectiveness of these assays, we measured the four proteins during post-natal development in mouse brain frontal cortex. The results showed that an age-related increase in the level of synaptophysin, SNAP-25 and PSD-95 from P7 through P28 in frontal cortex, similar to what was found previously in the rat (Aya-ay et al. 2005 ) (Sans et al. 2000) and human tissue (Glantz et al. 2007 ). The magnitude of change for each of these proteins was more robust with synaptophysin and SNAP-25 ELISA compared with quantiWcation of the density of chemiluminescent signal of the immunoreactive bands on Western blot. The magnitude of change for PSD-95 was the same for both methods. This was not surprising since Western blot quantitation has inherent technical issues for quantiWcation, especially when using chemiluminescence detection by Wlm. Lastly, we measured GFAP levels in various brain regions of 15-month-old APPsw mice which deposit amyloid in forebrain. Similar to AD (Ross et al. 2003) brain tissue and AD mouse model brain tissue measured by other methods (Holcomb et al. 1998) , GFAP levels were signiWcantly elevated in frontal cortex, hippocampus and temporal lobe as compared to regions from age-matched littermate controls. In human superior frontal cortex, (but not cerebellum) synaptophysin, SNAP-25 and PSD-95 levels were signiWcantly reduced in extracts from AD subjects as compared to age-matched controls (not shown).
In conclusion, we have identiWed an extraction method for four proteins whose expression may change in neurological disease with alterations in the abundance of synapses. In addition, these assays should be useful to characterize and regionally identify synaptic changes that may be present in various genetic mouse models of neurological disease.
